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1 Introduction
It has been advocated in [1] that the component on-shell actions for the theories with
one half spontaneous breaking of global supersymmetries have an extremely simple form,
being written in terms of proper physical components. The limitation to the theories with
one half breaking of supersymmetries is very important, because just in these cases all
physical fermions are Goldstone fermions, accompanying the supersymmetry breaking. If
the algebra of the extended supersymmetry has the following form1
{Q,Q} ∼ P, {S, S} ∼ P, {Q,S} ∼ Z, (1.1)
where the Q supersymmetry is supposed to be unbroken, while S supersymmetry and the
central charges Z symmetry will be treated as spontaneously broken ones, then one may
realize all these symmetries by the left action on the coset element
g = exP eθQeψSeqZ . (1.2)
Here, q(x, θ) and ψ(x, θ) are Goldstone superfields. Due to the fact that #Q =
#S, all physical fermions in the system are just the first components of the
superfield ψ : ψ = ψθ=0.
The choice of the coset element (1.2) is very important, because the variation of θ
under the spontaneously broken S supersymmetry is zero, while the superfield q transforms
as follows
δSθ = 0, δSq ∼ ηθ. (1.3)
1For the sake of brevity we suppress here all space-time and internal symmetries indices.
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Therefore, if we are concentrating on the S supersymmetry, then we may replace the
coset (1.2) by its θ = 0 part
gθ=0 = e
xP eψSeqZ , q = qθ=0. (1.4)
Clearly, the transformation properties of the fields q and ψ under S supersymmetry will be
generated by the left action of the element g0 = exp(ηS) on this coset. Now, it follows from
the commutation relations (1.1) that ψ transforms under S as the Goldstino in the Volkov-
Akulov model [2, 3], while q may be treated as the matter field (δSq = 0). Therefore,
the physical fermionic components may enter the component on-shell action through the
d-bein E , constructed with the help of the Cartan form Ω = g−1θ=0dgθ=0, and through the
space-time derivatives of the matter fields Dxq, only.
The above considerations strictly fix the possible form of the component on-shell ac-
tions. Of course, when we are dealing with the system containing the gauge fields (which
cannot be associated with the parameters of the proper coset) the situation becomes more
complicated. But if we instead limit ourselves to the one-dimensional case, where we have
only one coordinate t, the situation is greatly simplified because
• there are no gauge fields in d = 1;
• all scalar fields are coordinates for the central charges in the superalgebra (1.1);
• the ein-bein E and the covariant derivatives Dt do not carry any indices.
Thus, if all in the above is correct, then the general on-shell component super particle
actions, invariant under S supersymmetry, must be of the form
S = α
∫
dt+
∫
dtEF [DtqDtq] , (1.5)
where F is some arbitrary, for the time being, function, and α is a constant parameter.
Funny enough, this function can be easily fixed by the bosonic action for the particle
Sbos =
∫
dt
(
1−
√
1− βq˙q˙
)
, (1.6)
where the value of the constant parameter β is defined by the exact form of the superalge-
bra (1.1). Keeping in mind that in the bosonic limit
Ebos = 1, (Dtq)bos = q˙, (1.7)
we conclude that the most general component action possessing the proper bosonic
limit (1.6) and invariant under spontaneously broken supersymmetry has the form
S = α
∫
dt+ (1− α)
∫
Edt−
∫
Edt
√
1− βDtqDtq . (1.8)
The role of the unbroken Q supersymmetry is just to fix the constant parameters α, β
in the action (1.8). All differences between models with particular patterns of different
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supersymmetries breaking will be in the concrete structure of the ein-bein E and covariant
derivatives Dtq, only.
The main goal of this paper is to check the validity of this statement for the super
particles in D = 3 and D = 5. In the next section we will present a detailed construction of
the super particle action inD = 3 realizing the N = 16→ N = 8 pattern of supersymmetry
breaking, with the chiral Goldstone supermultiplet. Then we will generalize the action to
the N = 4 · 2k → N = 2 · 2k cases. In section 3 we will consider the super particle action,
again realizing the N = 16→ N = 8 pattern of supersymmetry breaking, but in D = 5. All
these explicit actions confirm our conjecture about the structure of the component action.
We conclude with some comments and perspectives.
2 Chiral supermultiplet
The main goal of this section is to provide the detailed structure of the component on-shell
actions for the one dimensional systems realizing the 1/2 breaking of the global supersym-
metry. We start with the edifying example of the system with the N = 16 → N = 8
pattern of supersymmetry breaking and then will generalize the constructed action to the
general N = 4 · 2k → N = 2 · 2k case.
2.1 N = 16 → N = 8 with chiral supermultiplet
2.1.1 Superfields coset approach: kinematic
It is a well known fact that the action for the given pattern of the supersymmetry breaking
is completely defined by the choice of the corresponding Goldstone supermultiplet [4–15].
The bosonic scalars in the supermultiplet are associated with the central charges in the
supersymmetry algebra. Thus, for the system with the chiral supermultiplet one has to
choose N = 16, d = 1 Poincare´ superalgebra with two central charges:{
Qia, Qjb
}
= 2δab δ
i
jP ,
{
Sia, Sjb
}
= 2δab δ
i
jP , (2.1){
Qia, Sjb
}
= 2iεabεijZ ,
{
Qia, Sjb
}
= −2iεabεijZ . (2.2)
Here, Qia, Qia and S
ia, Sia are the generators of unbroken and spontaneously broken N = 8
supersymmetries, respectively. P is the generator of translations, while Z and Z are the
central charge generators. The indices i, a = 1, 2 refer to the indices of the fundamental
representations of the two commuting SU(2) groups.
In the coset approach [16–19] the statement that the S supersymmetry and Z,Z trans-
lations are spontaneously broken is reflected in the structure of the group element g:
g = eitP eθiaQ
ia+θ¯iaQia ei(qZ+q¯Z) eψiaS
ia+ψ¯
ia
Sia . (2.3)
Once we state that the coordinates ψ and q are the superfields depending on the super-
space coordinates {t, θ, θ¯}, then we are dealing with the spontaneously breaking of the
corresponding symmetries. Thus, in our case we will treat ψ(t, θ, θ¯),q(t, θ, θ¯) as N = 8
Goldstone superfields accompanying the N = 16→ N = 8 breaking of supersymmetry.
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The transformation properties of the coordinates and superfields under the unbro-
ken and broken supersymmetries are induced by the left multiplications of the group ele-
ment (2.3):
g0 g = g
′ .
Thus, for the unbroken supersymmetry with g0 = e
εiaQ
ia+ε¯iaQia one gets
δQt = i
(
εiaθ¯
ia + ε¯iaθia
)
, δQθia = εia, δQθ¯
ia = ε¯ia, (2.4)
while for the broken supersymmetry, with g0 = e
ηiaS
ia+η¯iaSia , the transformations read
δSt = i
(
ηiaψ¯
ia
+ η¯iaψia
)
, δSψia = ηia, δSψ¯
ia
= η¯ia,
δSq = −2ηiaθia, δSq¯ = 2η¯iaθ¯ia. (2.5)
The local geometric properties of the system are specified by the left-invariant Car-
tan forms
g−1dg = iωPP + (ωQ)iaQ
ia + (ω¯Q)
iaQia + iωZZ + iω¯ZZ + (ωS)iaS
ia + (ω¯S)
iaSia (2.6)
which look extremely simple in our case:
ωP = dt− i(θ¯iadθia + θiadθ¯ia + ψ¯iadψia +ψiadψ¯ia), (ωQ)ia = dθia , (ω¯Q)ia = dθ¯ia,
(ωS)ia = dψia, (ω¯S)
ia = dψ¯
ia
, ωZ = dq+ 2ψ
iadθia, ω¯Z = dq¯− 2ψ¯iadθ¯ia.
(2.7)
It is worth to note, that the all Cartan forms (2.7) are invariant under the transforma-
tions (2.4) and (2.5).
Using the covariant differentials {ωP , dθia, dθ¯ia} (2.7), one may construct the covariant
derivatives
∂t = E∇t , E = 1− i
(
ψia
˙¯ψia + ψ¯
ia
ψ˙ia
)
, E−1 = 1 + i
(
ψia∇tψ¯ia + ψ¯ia∇tψia
)
,
∇ia = Dia − i
(
ψkbD
iaψ¯
kb
+ ψ¯
kb
Diaψkb
)
∇t = Dia − i
(
ψkb∇iaψ¯kb + ψ¯kb∇iaψkb
)
∂t,
∇ia = Dia − i
(
ψkbDiaψ¯
kb
+ ψ¯
kb
Diaψkb
)
∇t = Dia − i
(
ψkb∇iaψ¯kb + ψ¯kb∇iaψkb
)
∂t ,
(2.8)
where
Dia =
∂
∂θia
− iθ¯ia∂t, Dia = ∂
∂θ¯ia
− iθia∂t,
{
Dia, Djb
}
= −2iδab δij∂t. (2.9)
These derivatives satisfy the following (anti)commutation relations{
∇ia,∇jb
}
= −2i
(
∇iaψkc∇jbψ¯kc +∇iaψ¯kc∇jbψkc
)
∇t,{∇ia,∇jb} = −2i(∇iaψkc∇jbψ¯kc +∇iaψ¯kc∇jbψkc)∇t,[∇t,∇ia] = −2i(∇tψkc∇iaψ¯kc +∇tψ¯kc∇iaψkc)∇t,[∇t,∇ia] = −2i(∇tψkc∇iaψ¯kc +∇tψ¯kc∇iaψkc)∇t,{∇ia,∇jb} = −2iδab δij∇t − 2i(∇iaψkc∇jbψ¯kc +∇iaψ¯kc∇jbψkc)∇t. (2.10)
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Finally, one may reduce the number of independent Goldstone superfields by imposing
the conditions on the dθ projections of the Cartan forms ωZ , ω¯Z (2.7){
ωZ |θ = 0,
ωZ |θ = 0
⇒
{∇iaq = 0, ∇iaq− 2ψia = 0,
∇iaq¯ = 0, ∇iaq¯+ 2ψ¯ia = 0.
(2.11)
These constraints are purely kinematical ones. They impose the covariant chirality con-
ditions on the superfields q and q¯, and in addition they express the fermionic Goldstone
superfields ψia, ψ¯ia as the spinor derivatives of the q and q¯, thereby realizing the Inverse
Higgs phenomenon [20].
Thus, in order to realize the N = 16 → N = 8 breaking of the global supersymmetry
in one dimension we need one, covariantly chiral, N = 8 bosonic superfield q(t, θ, θ¯).
2.1.2 Superfields coset approach: dynamics
It is well known that the chirality conditions are not enough to select an irreducible N =
8 supermultiplet: one has to impose additional, second order in the spinor derivatives
constraints on the superfield {q, q¯} [21, 22]. Unfortunately, as it often happens in the coset
approach, the direct covariantization of the irreducibility constraints is not covariant [5],
while the simultaneous covariantization of the constraints and the equations of motion
works perfectly. That is why we propose the following equations which should describe our
super particle:
∇iaψjb = 0, ∇iaψ¯jb = 0. (2.12)
These equations are covariant with respect to both unbroken and broken supersymmetries.
Moreover, one may easily find that in the bosonic limit they amount to the following
equation of motion for the scalar field q = q|θ=0:
d
dt
[
q˙√
1− 4q˙ ˙¯q
]
= 0. (2.13)
The equation (2.13) follows from the bosonic action
Sbos =
∫
dt
(
1−
√
1− 4q˙ ˙¯q
)
(2.14)
which is a proper action for a particle in D = 3 space-time.
At this point one should wonder whether the equations (2.12) are self-consistent. In-
deed, due to eqs. (2.11) from (2.12) we have
∇iaψjb =
1
2
∇ia∇jbq = 0 ⇒ {∇ia,∇jb}q = 0 . (2.15)
So, one may expect some additional conditions on the superfield q due to the rela-
tions (2.10). However, on the constraints surface in (2.12) we have{
∇ia,∇jb
}
= 0,
{∇ia,∇jb} = 0 (2.16)
and thus the equations (2.12) are perfectly self-consistent.
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One should note that the rest of the commutators in (2.10) are also simplified as{∇ia,∇jb} = −2iδijδab (1 + λλ¯)∇t, [∇t,∇ia] = 2iλ¯∇tψia∇t, [∇t,∇ia] = 2iλ∇tψ¯ia∇t,
(2.17)
where we introduced the superfields {λ, λ¯}
∇iaψjb + εijεabλ = 0,
∇iaψ¯jb + εijεabλ¯ = 0.
⇒

∇tq+ iλ
1 + λλ¯
= 0 ,
∇tq¯− iλ¯
1 + λλ¯
= 0.
(2.18)
2.1.3 Components coset approach
Despite the explicit construction of the proper equations of motion within the superfields
version of the Coset approach, the latter is poorly adapted for the construction of the
action. That is why in the paper [1] the component version of the coset approach has been
proposed, in order to construct the actions. In the application to the present case, the
basic steps of this method can be formulated as follows:
• Firstly, on shell our N = 8 supermultiplet {q, q¯} contains the following physical
components:
q = q|θ=0, ψia = ψia|θ=0, ψ¯ia = ψ¯ia|θ=0.
They are just the first components of the superfield parameterizing the coset (2.3).
• Secondly, with respect to the broken supersymmetry δθ = δθ¯ = 0 (2.5). This means,
that the transformation properties of the physical components q, ψ, ψ¯ under the bro-
ken supersymmetry can be extracted from the coset
g|θ=0 = eitP ei(qZ+q¯Z) eψiaSia+ψ¯iaSia . (2.19)
In other words, the fields {q, q¯, ψia, ψ¯ia} parameterize the coset (2.19) which is re-
sponsible for the full breaking of the S supersymmetry. Moreover, with respect to
this supersymmetry the fields q, q¯ are just “matter fields”, because δSq = δS q¯ = 0,
while the fermions ψia, ψ¯
ia are just Goldstone fermions. This means that the compo-
nent action has to be of the Volkov-Akulov type [2, 3], i.e. the fermions ψia, ψ¯
ia may
enter the action through the ein-bein E or through the covariant derivatives Dtq,Dtq¯
only, with
∂t = EDt,
E = E|θ=0 = 1− i
(
ψia
˙¯ψia + ψ¯iaψ˙ia
)
,
E−1 = 1 + i (ψiaDtψ¯ia + ψ¯iaDtψia) . (2.20)
Thus, the unique candidate to be the component on-shell action, invariant with re-
spect to spontaneously broken (S) supersymmetry reads
S = α
∫
dt+
∫
dtEF [DtqDtq¯] (2.21)
with the arbitrary, for the time being, function F and constant parameter α.
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• Finally, considering the bosonic limit of the action (2.21) and comparing it with the
known bosonic action (2.14) one may find the function F :∫
dt (α+ F [q˙ ¯˙q]) =
∫
dt
(
1−
√
1− 4q˙ ˙¯q
)
⇒ F =
(
1− α−
√
1− 4q˙ ˙¯q
)
. (2.22)
Therefore, the most general component action possessing the proper bosonic limit (2.14)
and invariant under spontaneously broken supersymmetry has the form
S = α
∫
dt+ (1− α)
∫
Edt−
∫
Edt
√
1− 4DtqDtq¯ . (2.23)
In principle, the invariance of the action (2.23) under broken supersymmetry is evident.
Nevertheless, for completeness, let us demonstrate it explicitly.
From (2.5) we know the total variations of our components and the time t:
δSt = i
(
ηiaψ¯
ia + η¯iaψia
)
, δSψia = ηia, δSψ¯
ia = η¯ia, δSq = 0, δS q¯ = 0. (2.24)
Therefore, the transformations of the components in the fixed point read
δ∗Sq = δSq − δStq˙, δ∗Sψia = δSψia − δStψ˙ia. (2.25)
It immediately follows from (2.25) and definitions (2.20) that
δ∗S (EF [DtqDtq¯]) = −i∂t
[(
ηiaψ¯
ia + η¯iaψia
) EF [DtqDtq¯]] . (2.26)
Thus, two last terms in the action (2.23) are invariant, while the invariance of the first,
trivial term is evident.
The final step is to check the invariance of the action (2.23) under the unbroken (Q)
supersymmetry which is realized on the components as follows
δ∗Qq = −2εiaψia + i
(
εiaψiaλ¯+ ε¯
iaψ¯iaλ
)
∂tq
δ∗Qψia = ε¯iaλ+ i
(
εjbψjbλ¯+ ε¯
jbψ¯jbλ
)
∂tψia . (2.27)
Here, λ is the first component of the superfield λ defined in (2.18)
λ =
2iDtq
1 +
√
1− 4DtqDtq¯
. (2.28)
From (2.27) and the definitions (2.20) one may easily find the transformation properties of
the main ingredients
δ∗QE = i∂t
[(
εjbψjbλ¯+ ε¯
jbψ¯jbλ
)
E
]
− 2i
(
εjbψ˙jbλ¯+ ε¯
jb ˙¯ψjbλ
)
, (2.29)
δ∗QDtq = i
(
εjbψjbλ¯+ ε¯
jbψ¯jbλ
)
∂t(Dtq)− 2εjbDtψjb + 2i
(
εjbDtψjbλ¯+ ε¯jbDtψ¯jbλ
)
Dtq.
Now, one may calculate the variation of the integrand in the action (2.21)
δ∗Q (E F) = 2∂t
[
E ε
jbψjbDtq¯ − ε¯jbψ¯jbDtq
1 +
√
1− 4DtqDtq¯
F
]
(2.30)
+
εjbψ˙jbDtq¯ − ε¯jb ˙¯ψjbDtq
1 +
√
1− 4DtqDtq¯
[
−4F − 2F ′
(
1 +
√
1− 4DtqDtq¯ − 4DtqDtq¯
)]
.
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Substituting the function F (2.22) and its derivative over its argument DtqDtq¯, we will
find that the second term in the variation (2.30) is canceled if α = 2. Keeping in the mind
that the first term in the action (2.23) is trivially invariant under unbroken supersymmetry,
we conclude that the unique component action, invariant under both unbroken (Q) and
broken (S) N = 8 supersymmetries reads
S = 2
∫
dt−
∫
Edt
(
1 +
√
1− 4DtqDtq¯
)
. (2.31)
2.2 Rolling down
The construction of the component action, we considered in the previous section, has two
interesting peculiarities:
• It is based on the coset realization of the N = 16 superalgebra (2.1)
• In the component action (2.31) the summation over indices {i, a} of two SU(2) groups
affected only physical fermions {ψia, ψ¯ia}.
It is quite clear, that in such a situation one may consider two subalgebras of the N = 16
superalgebra
• N = 8 supersymmetry, by choosing the corresponding supercharges as
Q˜i ≡ Qi1, Q˜i ≡ Qi1, S˜i ≡ Si2 , S˜i ≡ Si2 (2.32)
• N = 4 supersymmetry with the supercharges
Qˆ ≡ Q11, Q̂ ≡ Q11, Sˆ ≡ S22 , Ŝ ≡ S22. (2.33)
It is evident that the corresponding component actions will be given by the same expres-
sion (2.31), in which the “new” ein-beins and covariant derivatives read
N = 8 case:

∂t = E˜D˜t,
E˜ = 1− i
(
ψi2
˙¯ψi2 + ψ¯i2ψ˙i2
)
,
E˜−1 = 1 + i
(
ψi2D˜tψ¯i2 + ψ¯i2D˜tψi2
) (2.34)
N = 4 case:

∂t = EˆDˆt,
Eˆ = 1− i
(
ψ22
˙¯ψ22 + ψ¯22ψ˙22
)
,
Eˆ−1 = 1 + i
(
ψ22Dˆtψ¯22 + ψ¯22Dˆtψ22
) (2.35)
Thus, we see that the action (2.31) has a universal character, describing the series of
theories with the following patterns of global supersymmetry breaking: N = 16→ N = 8,
N = 8→ N = 4 and N = 4→ N = 2.
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2.3 Climbing up
It is almost evident, that the universality of the action (2.31) can be used to extend our
construction to the cases of N = 4 · 2k supersymmetries by adding the needed numbers of
SU(2) indices to the superscharges as
Q→ Qα1...αk , Q→ Qα1...αk , S → Sα1...αk , S → Sα1...αk , (2.36)
obeying the N = 4 · 2k Poincare´ superalgebra{
Qα1...αk , Qβ1...βk
}
= 2δα1β1 . . . δ
αk
βk
P ,
{
Sα1...αk , Sβ1...βk
}
= 2δα1β1 . . . δ
αk
βk
P ,{
Qα1...αk , Sβ1...βk
}
= 2iεα1β1 . . . εαkβkZ ,
{
Qα1...αk , Sβ1...βk
}
= −2iεα1β1 . . . εαkβkZ .
(2.37)
Once again, the component action describing super particles in D = 3 space with N = 4 ·2k
Poincare´ supersymmetry partially broken down to the N = 2 · 2k one will be given by the
same expression (2.31) with the following substitutions:
ψ → ψα1...αk , ψ¯ → ψ¯α1...αk , E = 1− i
(
ψα1...αk
˙¯ψα1...αk + ψ¯α1...αk ψ˙α1...αk
)
. (2.38)
3 Super particle in D = 5
In this section we will apply our approach to the N = 16 super particle in D = 5. The cor-
responding superfield equations of motion for this system, which possesses 8 manifest and
8 spontaneously broken supersymmetries, have been constructed within the coset approach
in [12, 13], while the action is still unknown.
In order to describe the super particle in D = 5 with 16 supersymmetries one has to
start with the following superalgebra
{Qiα, Qjβ} = εijΩαβP, {Qiα, Sbβ} = δβαZib, {Saα, Sbβ} = −εabΩαβP, (3.1)
{i, a = 1, 2;α, β = 1, 2, 3, 4}
where the invariant Spin(5) symplectic metric Ωαβ , allowing to raise and lower the spinor
indices, obeys the conditions2
Ωαβ = −Ωβα , Ωαβ = −1
2
εαβλσΩλσ , Ωαβ = −1
2
εαβλσΩ
λσ , ΩαβΩ
βγ = δγα . (3.2)
From the one-dimensional perspective this algebra is the N = 16 super Poincare´ algebra
with four central charges Zia. If we are going to treat S supersymmetry to be spontaneously
broken, than we have to consider the following element of the coset:3
g = etP eθ
α
i Q
i
α eqiaZ
ia
eψaαS
aα
. (3.3)
2We use the following convention: εαβλσεαβλσ = 24 , ε
αβλσεαβµρ = 2(δ
λ
µ δ
σ
ρ − δ
λ
ρ δ
σ
µ).
3Here, we strictly follow the notations adopted in [12, 13] which are slightly different from those we used
in the previous sections.
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Here (t, θαi ) are the coordinates of N = 8, d = 1 superspace while qia = qia(t, θ
α
i ), ψaα =
ψaα(t, θ
α
i ), are Goldstone superfields.
Similarly to the cases we considered in the previous sections, one may find the transfor-
mation properties of the coordinates and superfields, by acting from the left on the coset
element (3.3) by different elements of the group with constant parameters. So, for the
unbroken supersymmetry (g0 = exp (ε
α
i Q
i
α)) one gets
δQt = −1
2
εαi θ
iβΩαβ , δQθ
α
i = ε
α
i , (3.4)
while for the broken supersymmetry (g0 = exp (ηaαS
aα)) the corresponding transforma-
tions read
δSt = −1
2
ηaαψaβΩ
αβ , δSψaα = ηaα , δSqia = −ηaαθαi . (3.5)
The last ingredient we need is the Cartan forms, defined in a standard way as
g−1dg = ωPP + (ωQ)
α
i Q
i
α + (ωZ)ia Z
ia + (ωS)aα S
aα , (3.6)
with
ωP = dt− 1
2
(
dθαi θ
iβ + dψαaψ
aβ
)
Ωαβ , (ωZ)ia = dqia − dθαi ψaα
(ωQ)
α
i = dθ
α
i , (ωS)aα = dψaα. (3.7)
Using the covariant differentials {ωP , (ωQ)αi } one may construct the covariant derivatives
∇t and ∇iα
∂t = E∇t , E = 1 + 1
2
Ωβγψaβ∂tψaγ , E
−1 = 1− 1
2
Ωβγψaβ∇tψaγ , (3.8)
∇iα = Diα +
1
2
ΩβγψaβD
i
αψaγ∇t = Diα +
1
2
Ωβγψaβ∇iαψaγ∂t , (3.9)
where
Diα =
∂
∂θαi
+
1
2
θiβΩαβ∂t ,
{
Diα, D
j
β
}
= εij Ωαβ ∂t . (3.10)
These covariant derivatives satisfy the following (anti)commutation relations{
∇iα,∇jβ
}
= εij Ωαβ ∇t +Ωλσ∇iαψbλ∇jβψbσ∇t ,[
∇t,∇iα
]
= Ωβγ ∇tψbβ∇iαψbγ∇t . (3.11)
Now, in a full analogy with the previously considered cases, we impose the following
invariant condition on the dθ projections of the Cartan form (ωZ)ia (3.7):
(ωZ)ia|θ = 0 ⇒
∇
(j
α q
i)
a = 0 , (a)
∇iα qia − 2ψaα = 0 (b)
(3.12)
The condition (3.12b) identifies the fermionic superfield ψaα with the spinor derivatives of
the superfield qia, just reducing the independent superfields to bosonic qia ones (this is
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once again the Inverse Higgs phenomenon [20]). The conditions (3.12a) are more restrictive
- they nullify all auxiliary components in the superfield qia. Indeed, it immediately follows
from (3.12) that
3
2
∇jβψaα =
{
∇jβ ,∇iα
}
qia − 1
2
{∇jα,∇iβ}qia. (3.13)
Using anti-commutators (3.11), one may solve this equation as follows:
∇jβ ψaα +
1
2
λjaΩαβ = 0 , (3.14)
where the superfield λja is defined as
∇t qia − 1
2
λia
1 + λ
2
8
= 0. (3.15)
Thus, we have an on-shell situation. In [12, 13] the corresponding bosonic equation of
motion has been found to be
d
dt
(
q˙ia√
1− 2q˙jbq˙jb
)
= 0, (3.16)
where qia = qia|θ=0 are the first components of the superfield qia. The equation of mo-
tion (3.16) corresponds to the static-gauge form of the Nambu-Goto action for the massive
particle in D = 5 space-time
Sbos ∼
∫
dt
(
1−
√
1− 2q˙iaq˙ia
)
. (3.17)
To construct the on-shell, component action we will follow the same procedure which
we described in full details in subsection (2.1.3). So, we will omit unessential details
concentrating only on the new features.
If we are interested in the invariance with respect to the broken (S) supersymmetry,
then we may consider the reduced coset element
g|θ=0 = etP eqiaZia eψaαSaα . (3.18)
Here, qia = qia|θ=0, ψaα are the first components of the superfields qia and ψaα. Similarly
to the discussion in section (2.1.3), the Goldstone fermions ψaα may enter the component
action only through the ein-bein E and the covariant derivatives Dtqia, defined as
∂t = E Dt , E = 1 + 1
2
Ωβγψaβ∂tψaγ , E−1 = 1−
1
2
ΩβγψaβDtψaγ , (3.19)
Keeping in the mind the known bosonic limit of the action (3.17), we come to the unique
candidate for the component on-shell action
S = α
∫
dt+ (1− α)
∫
Edt−
∫
Edt
√
1− 2DtqiaDtqia . (3.20)
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This action is perfectly invariant with respect to the broken (S) supersymmetry, realized
on the physical components and their derivatives as
δ∗Sqia =
1
2
ηbαψbβΩ
αβ∂tqia ,
δ∗S(Dt qia) =
1
2
ηbαψbβΩ
αβ∂t(Dt qia) ,
δ∗Sψaα = ηaα +
1
2
ηbβψbλΩ
βλ∂tψaα . (3.21)
From (3.21) one may find the transformation properties of the ein-bein E
δ∗SE =
1
2
ηaα∂t
(
EΩαβψaβ
)
. (3.22)
Now, combining (3.21) and (3.22), we will get
δ∗S
(
EF
[
Dt qjbDt qjb
])
=
1
2
ηaα∂t
(
Ωαβψaβ E F
[
Dt qjbDt qjb
])
, (3.23)
and, therefore, the second and the third terms in the action (3.20) are separately invariant
with respect to (S) supersymmetry. The first term in (3.20) is trivially invariant with
respect to both, broken and unbroken supersymmetries.
The last step is to impose the invariance with respect to the unbroken (Q) supersym-
metry. Under the transformations of unbroken supersymmetry taken at a fixed point the
variation of any superfield reads
δ∗QF = −εαi QiαF .
From this one may find the variations of the components qia and ψaα and their covariant
derivatives:
δ∗Qqia = −εαi ψaα +
1
4
εαj λ
jbψbα∂tqia ,
δ∗Q(Dtqia) = −εαi Dtψaα +
1
4
εαj
λia
1 + 18 λ
2
λjbDtψbα + 1
4
εαj λ
jbψbα∂t(Dtqia) ,
δ∗Qψaα =
1
2
ε
β
jΩαβλ
j
a +
1
4
ε
β
j λ
jbψbβ∂tψaα . (3.24)
The variation of the ein-bein E can be also computed and it reads
δ∗QE =
1
4
ε
β
j ∂t
(
Eλjbψbβ
)
− 1
2
ε
β
j λ
jb∂tψbβ . (3.25)
It is a matter of lengthly, but straightforward calculations to check, that the action (3.20)
is invariant under the unbroken supersymmetry (3.24), (3.25) if α = 2.
Thus, the component action, invariant under both unbroken (Q) and broken (S) N = 8
supersymmetries reads
S =
∫
dt
[
2− E
(
1 +
√
1− 2DtqiaDtqia
)]
. (3.26)
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4 Conclusion
In this paper we have checked the validity of the conjecture that the on-shell component
super particle actions have the universal form
S = α
∫
dt+ (1− α)
∫
Edt−
∫
Edt
√
1− βDtqDtq .
We explicitly constructed such actions for the super particles in D = 3 realizing the N =
4 · 2k → N = 2 · 2k pattern of supersymmetry breaking, and in D = 5 with the N = 16
supersymmetry broken down to the N = 8 one. All constructed actions have indeed the
universal form, confirming our conjecture.
Of course, the particular examples, we considered in the present paper, cannot replace
the rigorous proof, but the details of calculations, where almost nothing depends on the
number of broken supersymmetries, almost convinced us that our conjecture is correct.
The most important features of our construction may be summarized as follows:
• We considered only one half spontaneous breaking of global supersymmetries;
• We used a very special parametrization of the coset, such that the super-space coor-
dinates θ’s do not transform under spontaneously broken supersymmetry, while the
physical fermions transform as the Goldstino fields in the Volkov-Akulov model;
• The superfield equations of motion in all cases are just the direct covariantization of
the free ones.
Clearly, the component actions for other supersymmetry breaking patterns, as well as the
actions for the super particles in another number of dimensions, can be similarly con-
structed starting from the corresponding super Poincare´ algebras.
It would be quite instructive to understand which new features will appear when we
will replace the trivial, flat target space by, for example, the AdS one. It seems, that the
strategy will be the same and we are planning to report the corresponding results elsewhere.
It is commonly understood that the superparticles and their actions are just the sim-
plest examples of the extended objects, from which only the superstrings (and, probably,
supermembranes) may be considered seriously as the theories possessing some physical
applications. So, our main task was to analyze the components actions to find some com-
mon geometric structures, which can be further used in interesting models, including the
Born-Infeld theories with extended supersymmetries.
The modern situation in this area may be regarded as a problematic one, because the
superspace approach meets many problems in the cases of extended supersymmetries, while
the component approaches give such complicated actions, that any geometric intuition
does not work. Thus, our results just demonstrated that in the simplest theory with the
partial breaking of global supersymmetry, which is just the superparticle, there is a special
choice of the components which dramatically simplifies the on-shell actions, still keeping the
geometrically clear form of each terms in the action. We really believe that the known (and
still unknown) actions for super p-branes (and, hopefully, for super Born-Infeld theories)
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can be re-formulated within the new set of variables with preserving the geometric meaning
of the each object in the actions.
Furthermore, in the cases of superparticles the corresponding actions have a unified
structure. Surprisingly, this structure is not sensitive to the number of supersymmetries
in the case of D=3. Thus, the quantization of the superparticle in D=3 can be performed
at once for many systems with different numbers of supercharges. Correspondingly, the
spectrum of quantum states should have a common structure too. We plan to analyze the
quantum properties of the constructed actions elsewhere.
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